Introduction
suggested by the EN 206 standard, which provides guidance on the selection of designated concrete 1 as a function of the exposure environment. Different types of reinforcement were considered: 2 conventional black steel, galvanized steel and stainless steel of grades 1.4307 and 1.4462, i.e. 
Limit state equations 9
The service life can be defined as the sum of the initiation time, which ends when the steel is 10 depassivated, and the propagation time, which finishes when a given limit state takes place, beyond 11 which consequences of corrosion cannot be further tolerated and a repair work is needed [2] . This 12 distinction between initiation and penetration periods is useful in the design of RC elements, since 13 different processes and variables should be considered in modelling the two phases [6] . For a 14 structure exposed to a chloride-bearing environment, the initiation of corrosion can be assumed as 15 the limit state, since the propagation time is relatively short and it can be neglected [1] . The 16 initiation period is defined as the time required for chlorides to reach a critical threshold at the depth 17 of the outermost steel bars. The probability of failure, p f , is evaluated as the probability that the 
23
The target service life, t SL , which needs to be defined in the design phase, is guaranteed if the 1 probability of failure p f is equal or lower than a preset target probability, P 0 , which should be also 2 defined in the design phase.
3
In the fib Model Code, the initiation limit state function, g, is evaluated as: The apparent coefficient of chloride diffusion of concrete is determined as: Since all the functions and parameters involved in this model cannot be reported in this paper, 18 reference to the fib Model Code is made for a detailed description [7] . 1 The parameters involved in equations (2), (3) and (4), the preset target probability, P 0 , and the target 2 service life, t SL , need to be determined in the design phase. Some of them should be chosen by the 3 designer (i.e. D RCM , C s,Δx , Cl th , C 0 , T real ), whilst others are provided by the model. Table 1   4 summarises the values of the input parameters, their description, as well as the type of probability 5 density function distribution used for the calculations. (Table 1) .
Selection of values for the design parameters

13
Substitute chloride surface content, C s,Δx . To determine C s,Δx , the model merely provides a flow 14 chart, with the procedure to be followed, starting from environmental data and material properties 15 and, as an example, a quite complex equation with a limited validity in terms of exposure 16 conditions. These indications are hardly understandable and no quantitative value, to be used in the 17 design phase, is supplied for the various exposure zones. In this work, to determine this parameter, than 10% by mass of cement, were obtained after more than 40 years of exposure [21] . Therefore, 13 also the dependence on the exposure time cannot be properly addressed.
14
As far as the effect of the climate, i.e. of temperature and humidity, is concerned, the C s 15 concentration measured at a given time of exposure in temperate climate (grey symbols in Figure 2) 16 appears to be lower than the concentration measured at the same time in tropical environments 17 (black symbols in Figure 2 ). For instance, after 5 years of exposure, Luping et al. [19] determined a 18 C s between 1.26% and 5.7% by mass of binder on specimens exposed to the Swedish coast, whilst 19 Chalee et al. [25] obtained, on specimens exposed in the Thailand Gulf, a concentration between 20 5.9% and 6.7% by mass of cement. However different types of concrete were considered in the two 21 works and the observed differences might be due to the effect of concrete composition rather than a with an average value of 5% and a standard deviation of 2% of chloride by mass of binder ( Table   6 1). This distribution was then considered representative of C s,Δx . As far as the target probability, P 0 , is concerned, at the moment there is no general agreement on its this work. To detect suitable design options, a maximum value of 10% for the target probability, P 0 , concrete and type of reinforcement which guarantee this target probability for a service life of 100 1 years can be determined, by the intersection between the target probability, P 0 , and the curve of The advantages of stainless steel in comparison to other solutions can be better observed in Figure   1 5, where the probability of failure is shown as a function of the initiation time, assuming a concrete 2 cover thickness of 45 mm. Results show that stainless steel bars may guarantee the target 3 probability of failure with a service life even longer than 150 years, when a BF concrete is used.
4
With stainless steel 1.4462, a long service life could be also reached with OPC concrete.
5
Conversely, with black and galvanized steel, the target probability of failure can be achieved only 6 with service lives respectively less than 10 and 15 years if BF concrete is used. Furthermore, Figure   7 5 shows that the reliability level strongly varies as a function of the different grades of stainless 8 steel. For instance, for a service life of 100 years, although p f was lower than the target probability, 9 P 0 , for both stainless steel bars, it increased from about 0.35% to 2.65% passing from 1.4462 to 10 1.4307 stainless steels, making the former solution, to which higher costs are associated, more
11
'robust' and reliable in relation to durability than the latter.
12
The results described in this section show that the probabilistic service-life modelling allows to 20 The results of the modelling depend on the values of the input parameters both those chosen by the 21 designer and those provided by the model. As described in section 2.2, the selection of appropriate 22 probability distributions of Cl th and C s,Δx is the most critical step for the designer, since the model lacks of information. Hence there is a need to assess the effect of these parameters in the output of 1 modelling.
Role of input parameters
2
Besides the role of parameters selected by the designers, the reliability of the modelling also 3 depends on the parameters provided by the model. Amongst these, the ageing factor, a, which 4 accounts the time dependency of the diffusion coefficient, has been described as one of the most the diffusion coefficient will also be described. of the service life can be evaluated through the following equation, determined from equations 2-4:
11 it clearly appears that the two parameters Cl th and C s,Δx are strictly correlated. Neglecting the 12 influence of C 0 , an increase of Cl th , which is a resistance variable, has a comparable effect of a 13 decrease of C s,Δx , which is a load variable. Hence, to study simultaneously their influence on the 14 service life PDF, the Cl th /C s,Δx ratio can be taken into account. At this regard, the knowledge of the 15 probability density function of this ratio is needed. Figure 6 shows the frequency analyses of the
16
Cl th /C s,Δx ratio, evaluated considering the values reported in Table 1 , for the three types of bars: 17 black, galvanized and 1.4307 stainless steel (only one type of stainless steel was considered). The 18 study of the ratio was achieved through a Monte Carlo system (with approximately 60 000 19 calculations). For these three examples, the PDF of this ratio was well described through a and they do not allow a reasonable estimation of the PDF of these parameters.
21
Since the difficulties in defining reliable values for the input parameters clearly limit a widespread 22 use of the model, there is the need to update it in order that it becomes a really useful and user- [59] . These observed differences in the ageing factors 9 could be, however, due to the different experimental methodologies used to determine it, to the 10 duration of the experimental exposure time or to the values used as the time basis (t 0 in equation 4).
11
Due to this strong variability in values proposed in the literature as well as to the great impact on 12 the service life prediction, as previously discussed, further studies are required to define appropriate 13 ageing factors both for Portland, blast furnace slag and fly ash cements and also for other binder 14 types, which are available in the market and which presently are not considered in the model. 
Conclusions
16
In this paper, the performance-based approach proposed by the fib in the "Model Code for Service
17
Life Design" has been investigated and applied to the design of a RC element exposed in a marine 18 environment. On the basis of the results the following conclusions can be drawn. Portland cement; BF = ground granulated blast furnace slag cement) [15] . reported in Table 1 were considered to study the Cl th /C s,Δx ratio). and BF concrete, assuming a concrete cover thickness of 45 mm and a target probability P 0 of 10%. for ground granulated blast furnace slag cement) and t equal to 100 years.
